Suprachoroidal haemorrhage may occur spontaneously,1-3 intraoperatively4,5 or post operatively.6,7 Acute intraoperative suprachoroidal haemorrhage (AISH) is a potentially blinding condition and is perhaps the complication ophthalmic surgeons fear most. The low incidence of this intraoperative event, although comforting to ophthalmologists, has resulted in a paucity of large published series and consequently much of our information regarding AISH is anecdotal. The current study is the result of multicentre collaboration and allows us to report on the risk factors, prognostic indicators and visual outcomes of 45 cases of AISH.
Patients and methods
Cases of AISH were collected from four regions in the United Kingdom, one centre in the Republic of Ireland and one in Switzerland. We involved several hospitals in this retrospective study because we were investigating a serious intraoperative complication with an inherently low incidence, and a large number of cases were required for statistical analysis. These particular centres were selected because the main author (S.B.) was personally acquainted with a member of the ophthalmic staff in each region.
AISH was defined as surgeon-diagnosed acute intraoperative suprachoroidal haemorrhage and all cases included at least two of the following intraoperative signs: shallowing of the anterior chamber; wrinkling of the posterior capsule; iris prolapse;
hardening of the eye; loss of red reflex; choroidal effusion; spontaneous nuclear expression; extrusion of intraocular contents.
Each AISH was then classed as either expulsive or non-expulsive. Expulsive cases included those with spontaneous nuclear expression and / or extrusion of intraocular contents, and the event was described as non-expulsive in the absence of these signs.
To investigate possible risk-factors for AISH we matched each case to two randomly selected, uneventful but identical operative procedures by the same surgeon. Cases and controls were also matched for age (:+: 5 years) and gender.
Data retrieved for each case and control may be divided into pre-operative, intraoperative and post operative. Pre-operative data included age, gender, race, ocular co-morbidity, past medical history, drug therapy, axial length and last recorded intraocular pressure (lOP) of the operated eye. We recorded the following intraoperative details: eye (right or left); type of anaesthesia, including use of eyelid akinesia; grade of operating surgeon; operative procedure; fixation sutures; safety sutures; type and size of incision; type of viscoelastic; type of capsulotomy; stage and mode of presentation of AISH; intraoperative management. Post operative information that we collected comprised clinical and therapeutic details, ultrasonographic findings and visual outcomes.
All data were analysed in a fashion appropriate to the clinical setting. For example, the potential protective effect of eyelid akinesia was assessed by comparing its use only among those cases and controls in which regional anaesthesia was employed. The significance of associations between categories was tested using the chi squared test, or Fisher's exact test where expected values were less than 5. Statistical comparisons of paired numerical data were made using the non-parametric Wilcoxon signed rank test.
Results
We collected 45 cases of AISH from four regions within the United Kingdom, one centre in the Republic of Ireland and one in Switzerland. Thirty-four of the patients were women; ages ranged from 47 to 94 years (mean :+: SD: 74.2 :+: 12.1 years) and follow-up varied from 3 months to 6Vz years.
Satisfactory controls with respect to age, gender, operating surgeon and intraocular procedure were found for 33 cases. The demographic, pre-operative and per operative details of cases and controls are given in Tables  1 and 2 . The incidence of cardiovascular disease, chronic obstructive airways disease, diabetes mellitus, glaucoma and the use of anticoagulants were statistically similar for the two groups (Table 1) . Operative details in terms of anaesthesia, use of fixation and stay sutures, type and size of section, variety of capsulotomy, and type of viscoelastic substance did not differ significantly between cases and controls ( Table 2 ). However, significantly greater axial lengths and pre-operative lOPs were noted for eyes in the AISH group than for those in the control group (Table 1) .
Demographic data, operative procedures and final visual outcomes of all 45 cases of AISH are given in Table  3 . Intraoperative details are shown in Fig. 1 . A favourable final Snellen acuity of 6/12 or better was seen in 10 patients (22.2%), final acuities varying between 6/18 and 6/60 were achieved in 8 patients (17.7%) and the remainder had vision of CF or worse at the last assessment (27 patients; 60%).
Final visual outcomes were unrelated to the following per-operative data: type of anaesthesia (p = 0.66); use of safety sutures in cataract surgery (p = 0.29); The various steps taken in the intraoperative period to control the AISH were associated with statistically comparable visual outcomes, and these included wound Fifteen eyes underwent secondary surgical procedures and these included retinal detachment repairs (7), drainage of suprachoroidal blood (4), insertion of an intraocular lens (2), redo cataract surgery (1) and enucleation (1) . All secondary operations were uneventful.
Ocular findings at the last ophthalmic assessment included: phthisis bulbi (14) ; cellophane maculopathy (8); retinal detachment (4); cataract (3); vitreous haemorrhage (5); cystoid macular oedema (1); aphakia (1); macular hole (1). Nothing untoward was noted in 8 eyes.
Discussion
AlSH is a rare but well described complication of ophthalmic surgery. It has been reported in association with phacoemulsification and extracapsular cataract surgery,4,8 trabeculectomy,9,10 pars plana vitrectomy,11,12 penetrating keratoplasty,13,14 and scleral buckling surgery.IS The incidence of this potentially blinding event depends on the operative procedure it complicates, and is said to occur in 0.2-0.9% of cataract operations.4,S, 16, 17 AlSH is the result of bleeding into the suprachoroidal space that occurs when there is a dramatic drop in lOP. A fall in lOP, and consequently a loss of the normal physiological equilibrium that forces blood from the choroid into the vortex veins, results in transudation of fluid into the suprachoroidal space. This separation of choroid from sclera exerts a shearing force on blood vessels as they enter the suprachoroidal space, and a small amount of haemorrhage ensues. If the choroidal effusion and haemorrhage extend anteriorly, detachment of the ciliary body and tearing of the ciliary body vessels results in profuse bleeding and massive suprachoroidal haemorrhage.18,19 Therefore, factors that might reasonably be suspected of predisposing to AISH include a profound drop in lOP (e.g. high pre-operative lOP), choroidal vascular engorgement (e.g. retrobulbar / peribulbar anaesthesia) and arteriosclerotic vasculature (e.g. generalised atheromatous disease, hypertension).
We found that cases and their gender-and sex matched controls differed only in terms of axial length and last recorded pre-operative lOP, which were significantly greater in the AISH group. These two ocular characteristics have previously been identified as risk factors for suprachoroidal haemorrhage.lO Increased axial length is thought to contribute to the overall risk because of its associated choroidal vascular fragility, 10 whereas a more dramatic drop in lOP is experienced intraoperatively in those eyes with a higher pre-operative lOP. Although other previously reported risk factors for AISH such as hypertension, generalised atherosclerosis,lO chronic obstructive airways disease, glaucoma,10 retrobulbar anaesthesia and use of anticoagulant or anti-platelet therapy5 were more common in our cases than controls, these differences did not reach statistical significance.
A favourable final visual outcome of 6/12 or better was achieved in 10 eyes (22.2%), and this is comparable to the results of the larger series reported in the literature.9,10 It is worth noting, however, that this level of post-operative vision has been described in 84-93% of AISH cases by two high-volume cataract surgeons reporting on their own results.4,5 The excellent results in those two articles appear to reflect the inclusion of a large number of limited choroidal haemorrhages and effusions, indicated by the small number of truly expulsive cases, and the surgeons' ability to bring surgery to a rapid conclusion. 4, 5, [20] [21] [22] In the present study, however, final visual outcome did not differ significantly between surgeons of varying experience.
The only feature of AISH presentation that we found to be indicative of a poor visual prognosis was spontaneous nuclear expression, which occurs as a result of massive and vigorous suprachoroidal haemorrhage. Findings on the first post-operative day that were associated with a final acuity of CF or worse included retinal detachment, vision of PL or NPL or 3600 involvement by the suprachoroidal bleed. Some of these poor prognostic indicators, such as retinal detachment and four-quadrant suprachoroidal haemorrhage, have been described previously.9,23 These findings further emphasise the role of B-scan echography in assisting the ophthalmic surgeon to furnish the patient with a realistic visual prognosis in the early post-operative period.
To our knowledge there have been no studies specifically designed to compare the incidence of AISH in extracapsular and phacoemulsification cataract surgery, and it was not the aim of this study. Two reports have commented that AISH complicates the two surgical techniques with a similar frequency,4,10 whereas another article reports an AISH rate of 0.5% and 4% in smallincision and nuclear expression cataract surgeries respectively. 5 Blumenthal et al.24 demonstrated a drop in the incidence of AISH from 0.25% to 0 by maintaining positive lOP for the duration of the procedure using an anterior chamber maintainer. However, there have been no published comparative analyses of visual outcomes following AISH complicating the two types of operation. We found that a favourable visual outcome was significantly more likely for eyes that experienced an AISH during phacoemulsification surgery (two-thirds achieved a final acuity of 6/12 or better) than during extracapsular cataract surgery. This finding is not surprising when one considers that the most important step in intraoperative management is to stop bleeding by tamponade. Wound closure is more rapidly achieved in the presence of a small, self-sealing incision than with a full-sized extracapsular wound, and consequently the suprachoroidal haemorrhage will not extend. Furthermore, AISH complicating small-incision cataract surgery tends to be limited because actual extrusion of intraocular contents is less likely and spontaneous nuclear expression is impossible?5
Optimum visual outcome following AISH depends on its early recognition, and prompt closure of the wound without incarceration of iris and vitreous. 4, 5, 9, 26, 27 If the eye cannot be closed effectively, a posterior sclerotomy to drain suprachoroidal blood is indicated. This opening should be quite posterior and at least 1.5 mm in diameter if the haemorrhage is to be successfully evacuated?8 Post-operative care includes adequate control of lOP and use of a topical antibiotic-corticosteroid preparation. Some investigators have recommended the use of high dose oral steroids in an attempt to reduce post-operative inflammation and vascularity?9 Ocular B-scan echography is indicated to evaluate the extent of the suprachoroidal bleed, and to monitor progression of clot lysis?O A massive suprachoroidal haemorrhage, defined as one of sufficient volume to force the inner retinal surfaces into apposition, is an indication for early secondary surgical intervention in the form of posterior drainage sclerotomies under constant infusion pressure.31-33 However, this procedure should be delayed until liquefaction of the blood clot is complete. 32 Other complications of AISH, including retinal detachment, should be treated on their own merits. Several investigators have concluded that eyes that have experienced an AISH can be re-entered safely at a later date. 4, 34 In conclusion, the results of this study confirm that increased axial length and pre-operative intraocular pressure are risk factors for acute intraoperative suprachoroidal haemorrhage. Intraoperative and post operative indicators of a poor visual outcome include spontaneous nuclear expression, retinal detachment, four-quadrant suprachoroidal haemorrhage and an acuity of perception of light or worse at the first dressing. Our results also indicate that AISH has a more favourable visual prognosis if it occurs during a phacoemulsification procedure rather than during extracapsular cataract surgery.
